Microalgae are sunlight-driven miniature factories that convert atmospheric CO 2 to polar and neutral lipids which after esterification can be utilized as an alternative source of petroleum. Further, other metabolic products such as bioethanol and biohydrogen produced by algal cells are also being considered for the same purpose. Microaglae are more efficient than the conventional oleaginous plants in capturing solar energy as they have simpler cellular organization and high capacity to produce lipids even under nutritionally challenged and high salt concentrations. Commercially, microalgae are cultivated either in open pond systems or in closed photobioreactors. The photobioreactor systems including tubular bioreactors, plate reactors and bubble column reactors have their own advantages as they provide sterile conditions for growing algal biomass. Besides, other culture conditions such as light intensity, CO 2 concentration, nutritional balance, etc, in closed reactors remain controlled. On the other hand, though the open ponds provide a cost-effective option to utilize natural light facility for algal cells, the tough maintenance of optimal and stable growth conditions makes it difficult to manage the economy of the process. Further, these systems are much more susceptible to contamination with unwanted microalgae and fungi, bacteria and protozoa that feed on algae. Recently, some work has been done to improve lipid production from algal biomass by implementing in silico and in vitro biochemical, genetic and metabolic engineering approaches. This article represents a comprehensive discussion about the potential of microalgae for the production of valuable lipid compounds that can be further used for biodiesel production.
INTRODUCTION
Mankind's continuous use of fossil fuels is unsustainable as they are limited resources of energy (Srivastava and Prasad, 2000) and their combustion will lead to generation of the energy-related emissions of green house gases (GHG) like carbon dioxide, nitrogen oxides, methane, sulfur dioxide and volatile organic compounds (Gavrilescu and Chisti, 2005) . During the past few decades, global atmospheric concentrations of GHG *Corresponding author. E-mail: shaktimehrotra22gmail.com. narendra_106@yahoo.com.
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have frequently risen with a growth rate of CO 2 emissions. Thus, increasing CO 2 concentration is considered to be one of main causes of global warming. The combustion of fossil fuels is responsible for 73% of the CO 2 production. As concern about global warming and dependence on fossil fuels grows, the search for renewable energy sources that reduce CO 2 emissions becomes a matter of widespread attention (Ragauskas et al., 2006; Demirbas and Demirbas, 2007) .
In recent years, cultivation of microalgae has received renewed attention on account of their utility as a feasible CO 2 sequestration technology (Ono and Cuello, 2006; Hsueh et al., 2007; Jacob-Lopes et al., 2008) . Though the idea of using microalgae to exploit the CO 2 emissions from stationary combustion source is not new (Kadam, 1997; Sheehan et al., 1998) , a number of studies have been carried out from time to time for the determination of microalgal ability to hold up the high CO 2 concentrations and potentially toxic associated SO x and NO x gases that are present in fuel gas (Yun et al., 1997; Lee et al., 2002) . Microalgal species upon exposure to sunlight are capable of fixing CO 2 to produce biofuel and other chemical compounds. These are the miniature sunlight driven biochemical factories and some of the most efficient CO 2 fixers on this planet. The CO 2 fixation in these cells leads to the formation of lipids which after esterification with methanol produce biodiesel. After extracting oil from microalgae, the remaining biomass portion can also be used as a high protein feed for livestock (Schneider, 2006; Haag, 2007) . This gives additional value to the process and endow with an overall economical feasibility. Commercial-scale cultivation of microalgal biomass is a promising method of producing a renewable feedstock for a wide variety of high-value biofuels. It include methane produced by anaerobic digestion of biomass (Spolaore et al., 2006) , biodiesel derived from oil (Banerjee et al., 2002; Gavrilescu and Chisti, 2005) , biohydrogen and bioethanol produced by photobiologically active microalgae (Fedorov et al., 2005; Kapdan and Kargi, 2006) . The present article expresses the potential of microalgae cultivation for biodiesel production and discusses the utilization of recent engineering techniques for enhancement of lipid profiles in important microalgal strains to make the process more economic and practically feasible.
CONSIDERING

MICROALGAE ADVANTAGEOUS OVER OTHER OLEAGINOUS CROPS
Advantages of microalgal cultivation for biodiesel production have been extensively discussed in a number of scientific and non-scientific articles. Comparing microalgae with other oleaginous crops, the formers are not only easy to handle and more beneficial from economic point of view but also known for their bioremediation capabilities (Dayananda et al., 2005; Sazdanoff, 2006; Chisti, 2007; Huntley and Redalje, 2007; Li et al., 2008; Schenk et al., 2008; Tan et al., 2009) . Some positive points of microalgal cultivation are succinctly being given in upcoming text.
i. Simple cellular structure and ability to control cell composition without decreasing productivity. ii. High photosynthesis yields, that is, about 3 -8% of solar energy can be converted to biomass as compared to terrestrial plants where it is approximately 0.5%. ii. Ability to bloom on carbon dioxide from gas and coalfired power plants. iv. Short life cycle (approximately 1 -10 days). v. Ability to synthesize and accumulate large quantities of lipids per dry weight biomass (DCW) (40 -86%). vi. Potential to grow in saline water and harsh conditions. vii. Lesser fertilizer and nutrient input requirements. viii. Most convincing non-food source of biodiesel. ix. Capable to grow in controlled conditions of specially designed bioreactors throughout the year and; x. Potential to produce 10 -20 times higher yield of oil compared to other oleaginous seeds and/or vegetable oils (Figure 1 ).
THE
FATTY ACIDS BIOCHEMISTRY OF MICROALGAE
The microalgal community possesses a favorable fatty acids profile that can be utilized for biodiesel production with high oxidation stability. The physical and chemical (fuel) properties such as density, viscosity, acid value, heating value, etc, of biodiesel from microalgae oil are Chisti, 2007; Huntley and Redalje, 2007 very much comparable to those of fuel diesel (Miao and Wu, 2006) . The lipids are produced in algal cells as they utilize both inorganic (CO 2 from atmosphere) and organic form of carbon (energy substrate from growing ambience). Various classes of lipids (both polar and neutral) such as triglycerides, phospholipids, cholesterol, etc, are produced among which triglycerides are the major raw lipid precursor for biodiesel production. A list of different algal species capable of biodiesel production from their lipid content is given in Table 1 . Triglyceride biosynthesis is conveniently divided into three steps: (i) formation of Acetyl CoA; (ii) acyl chain elongation and finally (iii) triacylglycerol (TG) formation (Figure 2 ) (Hu et al., 2008; Courchesne et al., 2009; Huang et al., 2009 ). The oil extracted from microalgae is subjected to transesterification reaction to obtain biodiesel ( Figure 3 ). In microalgae, greater variation in the fatty acids chain composition depending upon species to species is observed. Fatty acids chain may be saturated or unsaturated and the unsaturated fatty acids can differ in the number and position of double bonds on carbon chain backbone (Borowitzka, 1988 (C10-C14); recognized in Trichodesmium erythraeum (C10) and Prymnesium parvum (C14) (Parker et al., 1967; Lee and Loeblich, 1971) , long-chain (C16-18) and very-long-chain (>C20 as observed in Parietochloris incise, Phaeodactylum tricornutum (C20) and Crypthecodinium cohnii (C22), respectively (De Swaaf et al., 1999; Bigogno et al., 2002) . The major synthesized fatty acid chain length ranges from C16 to C18, which are identical to conventional oleaginous crops (Ohlrogge and Browse, 1995) .
Hydrocarbons are another category of neutral lipids that can be present in microalgae at quantities typically <5% DCW. The green colonial unicellular Botryococcus braunii, in unfavorable conditions, has been observed to have high amount of hydrocarbons that is up to 25 -86% in DCW (Dayananda et al., 2005) , similar to those that occur in petroleum, and thus has been explored as a feedstock for biodiesel. The hydrocarbon synthesizing and accumulating ability of alga varies at different growth phase in different culture conditions. The maximum productivity occurs in exponential and early stationary growth phases followed by an increase in unsaponifiable lipid content up to 80% DCW.
COMMERCIAL-SCALE CULTIVATION OF MICROALGAE
The economic biodiesel production from microalgae requires enormous bulk of algal biomass. Practically, convenient commercial-scale production of algal biomass can be achieved by two feasible methods (i) Conventional open ponds systems and (ii) Closed photobioreactors (Patil et al., 2005; Carvalho et al., 2006) .
Open ponds system
The large-scale cultivation of microalgae is usually located outdoors open pond systems and relies on natural light for illumination. Thus, setting up, operating and maintenance cost is less as compared to bioreactors. The most common strains used for the cultivation of biomass in open ponds system are-Anabaena, Chlorella, Dunaliella, Haematococcus, Nostoc and Spirulina (Chisti, 2006) . The open ponds have a variety of shapes and sizes depending upon the location of cultivation, however, the most frequently used designs for the culture of algal biomass are raceway ponds and circular ponds. An assessment of open ponds for algal cultivation by the United States Department of Energy (DOE) (Sheehan et al., 1998 ) suggested that such ponds should have standard dimensions of 10 m width, 100 m length and 30 cm depth built in concrete blocks, on a 10 cm thick sole for optimized biomass growth. A paddle wheel (raceway systems) or a rotating arm (circular systems) which can be usually operated at water depths of 10 -20 cm for culture agitation, mixing and preventing the material from settling on the bottom (Richmond, 2003; Chisti, 2007) . Maximum biomass productivity is attained under tropical or subtropical conditions (Jimenez et al., 2003) . An algal biomass productivity achieved in open pond systems may range between 10 to 50 gm -2 d -1 (Sheehan et al., 1998) irrespective of raceway or circular ponds. Though the growth-rates and productivity observed in open ponds are usually lower than the photobioreactors, the formers are economically more favorable due to lower establishment cost. The disadvantages of open systems include the issues of land use cost, water availability and appropriate climatic conditions since it is more difficult to maintain optimal and stable growth conditions in an open pond (Chisti, 2007; Haag, 2007) . Another limitation of open ponds is that by being open to the atmosphere, they lose water by evaporation at a rate similar to terrestrial crops. Moreover, due to direct exposure these systems are also susceptible to contamination with unwanted microalgae and fungi, bacteria and protozoa that feed on algae.
Closed Photobioreactors
Commercial-scale cultivation of microalgal biomass in photobioreactors is more successful. Photobioreactors are the closed culture system and preferred over open ponds as they can be established and maintained either indoor or outdoor (Pulz, 2001 ). But, the outdoor establishment is more successful because they can utilize free sunlight. Basically, these bioreactors allow for the cultivation of single microalgal species for prolonged duration under controlled conditions (Carvalho et al., 2006) . Number of species such as Cyclotella cryptica, Monoraphidium minutum and Tetraselmis suecica has been successfully grown in closed photobioreactors for various purposes (Huntley and Redalje, 2007) .
Several types of photobioreactors exist for the cultivation of algal biomass (Sanchez Miron et al., 2000; Pulz, 2001; Acien Fernandez et al., 2001 , 2003 Muller-Feuga et al., 2003) . These include widely used tubular photobioreactors, plate reactors, bubble column reactors and less commonly used semi-hollow-spheres (Sato et al., 2006) . Tubular photobioreactors consist of transparent array tubes made up of glass and plastics and have strong and stable transmission of light intensity in the photosynthetically active range. These solar collector tubes are usually 0.01 to 0.1 m in diameter and fixed generally in the north-south direction to enable the maximum light to penetrate the suspended cells into a significant amount (Grima et al., 1999) . The floor beneath the solar collector is either painted white or covered with white sheets of plastic to increase reflection, thus enhances the total intensity of light received by an array tube (Chisti, 2007) . The inflow of microalgal inoculam and fresh culture medium is maintained at a constant rate. Mixing in reactors is important to prevent sedimentation of cells and even distribution of gases. The closed photobioreactors are advantageous in the way that they remain free from contamination for prolonged periods and also provide suitable environmental conditions such as CO 2 concentration, nutritional balance due to proper mixing of growth medium, pH, temperature and light intensity. Maximum productivity can be achieved by optimizing these culture conditions. The major drawback with these reactor systems is that they have more building and operating cost.
FACTORS INFLUENCING MICROALGAL GROWTH
Although the TG producing capability of microalgal cells is genetically controlled, the quantity and quality of oils produced by algal cell is directly proportional to the stimulus received from surroundings. The major environment stimulus that govern mass growth concomitant with oil production include carbon dioxide, water, nutrients deficit, light intensity, pH and temperature (Borowitzka, 1999) . The optimized ambience makes best use of these miniature factories to maximize the oil production irrespective of cultivation system.
Carbon dioxide
The microalgae are ten times more efficient in biological fixation of atmospheric CO 2 than terrestrial plants (Usui and Ikenouchi, 1997 ) and this efficiency is highly variable with various species and observed as low as 0.26 mg CO 2 m -3 h -1 (Cheng et al., 2006) to high mitigation of 1.33 g CO 2 m -3 h -1 (Hirata et al., 1996) . The only carbon source in the cultivation of microalgae is CO 2 . Thus, the CO 2 input cost plays a vital role in the economy of biodiesel production. In order to optimize the microalgal growth, CO 2 needs to be provided at much high concentration and this concentration can be attained under natural conditions (Pulz, 2007) . Those areas should be investigated which have high CO 2 concentration and these sites can be used by both raceway ponds and photobioreactors for the cultivation of microalgae (Schneider, 2006) . Flue-gases from steel industries and thermal power plants contain much more CO 2 concentration than that of normal air; selecting and screening of high CO 2 tolerant algal strains before adopting for commercial cultivation is one of the best strategies to improve the practical feasibility of the process from economic point of view.
Water and nutrient
Growing microalgal cells get essential nutrition from water in which they grow. Water is usually occurring in treated or untreated livestock wastewater and they can be reprocessed to conserve resources as well as to reduce the culture medium cost. Conclusively, algae need not compete with other users for fresh water and cultivating algal mass by utilizing wastewater can be considered as biological remediation phenomenon under wastewater management. Extensive studies have been carried out by using wastewater for the cultivation of algal biomass, especially for the removal of nitrogen and phosphorus salts from effluents (Hernandez et al., 2006; Abdel-Hameed, 2007; Shi et al., 2007) , which would otherwise result in eutriphication if dumped into lakes and river (Galvez-Cloutier et al., 2006) . In addition to nitrogen and phosphorus removal, other studies have also conducted for the removal of heavy metals from wastewater (Munoz and Guieysse, 2006; Priya et al., 2007; Singh et al., 2007) . The algal cells effectively grow in both fresh and saline water having salt concentrations up to twice that of seawater (Aresta et al., 2005) . Dunaliella salina can grow in salinity levels higher than 200 g NaCl L -1 and Spirulina platensis can grow in highly alkaline medium with a pH up to 10 (Huntley and Redalje, 2007) . The in vitro studies on effect of salinity on growth of green alga Botryococcus braunii and its constituents reveal reduction in biomass and total protein content due to lowering of photosynthetic rate but the major difference was observed in fatty acid profile especially in the relative proportions of stearic, linoleic, palmitic and oleic acids (Ranga . The consequence of nitrogen deprivation was investigated on lipid metabolism and signification alteration in lipid or fatty acid content is reported in various species including Anacystis nidulans, Microcystis aeruginosa, Oscillatoria rubescens and Spirulina platensis (Basova, 2005) . Generally, nitrogen deficiency greatly affects the synthesis and accumulation of lipids and fatty acid (Saha et al., 2003) . Phosphorus deficiency resulted into the enhancement of lipid in Monodus subterraneus (KhozinGoldberg and Cohen, 2006) , Chaetoceros species, Isochrysis galbana, Pavlova lutheri and Phaeodactylum tricornutum, but decreases the lipid content of Nannochloris atomus and Tetraselmis species (Reitan et al., 1994) . Silicon deprivation resulted in increased neutral lipids content of Cyclotella cryptica and increased quantity of saturated and mono-unsaturated fatty acids than cells grown on silicon rich ambience (Roessler, 1988) . Scarcity of sulfur was also investigated in Chlamydomonas reinhardtii (Sato et al., 2000) and Chlorella species (Otsuka, 1961) and resulted the enhancement of total lipid contents.
Selection of strains
To maintain the cost effectiveness of commercial biodiesel production, the selection of appropriate strain according to the site of cultivation is imperative. The species that are high salt tolerant, high CO 2 tolerant and even able to grow and reproduce under nutritional scarcity by altering their metabolic pathways efficiently found most promising in this regard. A list of more than 300 microalgal species is declared by Aquatic Species Programme (ASP) of U.S. DOE representing a diversity of aquatic environments and water types. These species were screened on the bases of vigor, oil content, growth rate and metabolic efficiency under different environmental conditions (Sheehan et al., 1998) .
Light intensity
Microalgae are able to grow under different intensities of light. However only high light intensities favor the bioproduction of neutral storage lipids mainly TG. In contrast, polar lipids are formed under low amount of light. About 45% of the total light spectrum consists of photosynthetically active radiation, thus can be utilized by algal flora to capture CO 2 (Gao et al., 2007) . Light gets absorbed by the algae, so the higher the algae concentration, the less deep light enters into the broth. Therefore, optimization of shape and size of growth container is critical for grasping of light by algal biomass, as much as possible. Sunlight is available in different quantities in different geographical locations. Open ponds systems should be placed in those regions where the receiving of sunlight is abundant and uninterrupted. In photobioreactors, sunlight intensity can be improved Verma et al. 1407 through the use of solar collectors, solar concentrators and fiber optics (Scott and Bryner, 2006; Chisti, 2007) . However, to reduce the economic cost of the biodiesel production, algal biomass may be grown by utilizing the freely accessible sunlight.
Temperature
Temperature has been found to have a major effect on the fatty acid composition of algae. A general trend towards increasing fatty acid unsaturation with decreasing temperature and increasing saturated fatty acids with increasing temperature has been observed in many algae (Renaud et al., 2002) . The lipid content in Ochromonas danica (Aaronson, 1973) and Nannochloropsis salina (Boussiba et al., 1987) increases with increasing temperature. But, no significant change observed in the lipid content in Chlorella sorokiniana grown at various temperatures (Patterson, 1970) . Insight information about the effect of temperature on lipid synthesis and accumulation in microalgae is still required to explore.
RECOVERY OF PRODUCT
Harvesting method
Harvesting includes the removal of heavy water content and extraction of oil from algal biomass. There is no such single method that can be applied for harvesting and removing their water content. Harvesting costs may contribute 20 -30% to the total cost of oil production through algal biomass . In microalgal aquaculture, the conventional processes used to harvest include flocculation (Knuckey et al., 2006) , concentration through centrifugation (Heasman et al., 2000) , foam fractionation (Csordas and Wang 2004) , filtration (Rossignol et al., 1999) and ultrasonic separation (Bosma et al., 2003) .
Flocculation is applied to create congregation of microalgae mass so that it can easily be removed from water. The technique may be biological flocculation where, microalgae cells start accumulating themselves, forming flocks due to the presence of non algal microbial entity or it may be chemical flocculation in which certain chemicals such as aluminum sulfate, chitosan, ferric chloride and ferric sulfate are used to promote the formation of flocks. Both types of flocculation methods are usually followed by sedimentation, filtration or centrifugation. The sedimentation of microalgal biomass though, an effective technique but not suitable in oil production as it is space and time consuming thereby severely affect the overall cost of the procedure. Besides, centrifugation is efficiently used to recover microalgae in large volumes but here also the use of electrically or mechanically driven centrifuge makes this procedure too costly. Filtration is carried out under pressure or vacuum if algae sizes do not approach bacteria sizes. Microstrainers (typically 25 to 50 m openings) can be used for species like Anabaena or Spirulina, which are filamentous in shape. If flocculation is performed before, higher filtration efficiency will be reached (Sheehan et al., 1998; . On the whole, selection of harvesting method depends upon the type of algal species, volume and size of pond, etc (Schenk et al., 2008) .
Lipid extraction and transesterification
Collection of cell biomass is followed by oil extraction simply which is done through cell disruption through mechanical crushing. However now a days the more delicate method is being utilized where perforation of algal cell wall is done subjecting the mass under high electric field. This is known as electroporation. Extracted oil when subjected to trans-esterification using methanol and a catalyst such as sodium methoxide results in the production of biodiesel (Figure 3 ) (Fukuda et al., 2001) .
INNOVATIVE APPROACHES FOR ENHANCED BIODIESEL YIELD
Utilizing current approaches for the enhanced lipid profiles in microalgae is the present day's scenario. Involvement of engineering aspects at biochemical and genetic level can be considered as a potent strategy for this purpose (Courchesne et al., 2009) . The biochemical studies for increased lipid biosynthesis were being emphasized from last decade when ASP center of U.S. DOE focused to increase the lipid synthesis under nutrient stress conditions in algal species (Dempster and Sommerfeld, 1998) and such studies showed that growing microalgae under nutrient stress is most established strategy for enhanced lipid production. In algal growth, nutritional deficiency is the major factor which is responsible for the flux balance of primary metabolites. Extensive studies on different genera such as Botryococcus, Chlorella, Monodu, Neochloris have been done in this regard that revealed that nutritionally challanged photosynthetically active algal community directs its metabolism towards lipid biosynthesis and accumulation (Illman et al., 2000; Shastri and Morgan 2005; Zhila et al., 2005; Khozin-Goldberg and Cohen, 2006; Boyle and Morgan, 2009 ). Nitrogen and phosphorus are the two major nutrients, starvation of which lead to lipid accumulation in various algal communities. Additionally, other stress conditions including high salinity, excessive low or high temperatures and variations in pH are also found to be controlling factors that govern the channeling of metaboliite flux from starch to lipids (Takagi et al., 2006) .
A major limitation in dealing with nutrient stress challenged algal cultivation is that scarcity of such important elements leads to an undesired effect on cell biomass growth as these elements are required for overall cellular activities including cell division and photosynthesis. This generally results in lowering of biomass and subsequently in total lipid content Scragg et al., 2002) .
The two stage cultivation technique is applied to resolve this constraint up to an extent where in the first stage, the cells are subjected or enabled to grow and amplify in a nutrient rich medium and then in the second stage where algal cells face specific nutrient depletion or any other stress so that lipid accumulation is triggered Huntley and Redalje, 2007) . Genetic and metabolic engineering in microalgae for biodiesel production is a blooming strategy where introduction and expression of genes encoding rate limiting enzyme of lipid biosynthetic pathway are concerned. By the advent of complete genome sequence of different microalgal species such as Anabaena, Ostreococcus tauri, Thalassiosira pseudonana and other higher algal species (Armbrust et al., 2004; Derelle et al., 2006; Bowler et al., 2008; Beer et al., 2009 ), the genetic transformation of microalgal species for various purposes is now being a routine practice. Emphasizing the genetic transformation in microalga for biodiesel production there is a particular relevance of example of transformation of Cyclotella cryptica and Navicula saprophila with acetylCoA carboxilase (acc) gene (Dunahay et al., 1996; Sheehan et al., 1998) initially isolated from Cyclotella cryptic (Roessler, 1990) . Though the enhanced activity revealed that acc was successfully expressed but no lipid content was increased in transgenics. This suggested that regulation on acc activity alone is not enough for increased lipid biosynthesis and accumulation. However such kinds of studies have opened an array of research in genetic engineering of microalgal cells for enhanced lipid production. The insight understanding of various rate limiting steps of lipid biosynthetic pathway (Courchesne et al., 2009) , expression and regulatory analysis of genes and enzymes involved in triacylglycerol formation such as acetyl-CoA carboxilase, fatty acid synthase (Dehesh et al., 2001 ), acyl-CoA: diacylglycerol acyl transferase (Bouvier-Nave et al., 2000; Jako et al., 2001 ) and of those enzymes that influence TG biosynthesis directly or indirectly such as acetyl-CoA synthase, etc, in transgenics may facilitate the engineering practice in microalgae for enhanced biodiesel production. Further, regulation at transcription level by involving transcription factors to control the overall metabolite flux can also be a considerable strategy for the desired purpose. Transcription factors are the proteins that recognize DNA through specific sequences and bind with them due to DNA-protein interaction leading to controlled expression of DNA sequence. A number of studies is going on worldwide in different plant systems where these transcription regulatory proteins are over-expressed to up or down regulate the concerned pathways that ultimately lead to overproduction of secondary metabolite of interest. Though implementation of above discussed aspects of regulatory genomics approach for enhanced lipid biosynthesis and accumulation in microalgae is in its infancy yet this is the concept which may prove promising in long term future perspectives.
Conclusion
The atmospheric unevenness arising due to increase in atmospheric CO 2 concentration coupled with depletion of mineral oil reserves is constantly producing troublesome situations. Exploitation of microalgal biomass cultivation is not only beneficial for CO 2 fixation but also results in the bioproduction of triglycerides which after esterification with methanol get converted into biodiesel. Thus biodiesel produced from renewable and often microalgae sources, represents a more sustainable source of energy and will therefore play an increasingly significant role in providing the energy requirements for transportation. The technical and economic feasibility in microalgal biodiesel production makes this process suitable for wide acceptance. Biodiesel are also likely to have much lower impacts on the environment and the world's food supply than conventional biodiesel producing crops. The main reasons for this are high yields, a near-continuous harvest stream and the potential to site the algal bioreactors on non-agriculturable land. The major challenge over the next few years in microalgal biodiesel area is the improvement of lipid profiles of various important strains. Enhancement in lipids bioproduction in microalgal cells by providing stress challenge and altering the biosynthetic pathways is a promising strategy (Boyle and Morgan, 2009 ). However, nutritionally stressed algal populations show lower growth rate and low protein content especially in nitrogen low growth medium. The genomics and metabolomic approach for metabolic flux management is the emerging concept that can show considerable potential in this area. Identification of rate limiting steps and an in depth study in genetic regulation of concerned genes and enzymes of lipid biosynthetic pathway may prove beneficial for the enhancement of lipid contents at cellular level.
Research on microalgae based biodiesel production is continuing and commercial-scale use of microalgae for biodiesel would require massive investments in production facilities. The R & D organizations throughout the world should also venture into a project which can explore the biodiesel wealth. This is also necessary to sustain our future needs for energy as well as to enable us to earn the carbon credit by adopting the green-clean technology for biodiesel production.
